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(57)Abstract: 

PROBLEM TO BE SOLVED: To materialize a coating film excellent in corrosion 
resistance and oxidation resistance and capable of forming inexpensively. 
SOLUTION: By forming an NiAl single phase alloy layer 3 to form an A1203 film on 
the surface of a base material 1 , a coating film having corrosion resistance and oxidation 
resistance more excellent than those of a coating film composed of the conventional 
MCrAlY metallic layer can be obtd. By forming the NiAl single phase alloy layer 3 on 
the surface of the base material 1 via an MCrAlY metallic layer, the adhesion with the 
base material 1 and uniformity thereof furthermore increase, and moreover, the one of 
quality equal to that of the conventional coating film formed by providing the surface of 
an MCrAlY metallic layer with an Al pack cementation treated layer can more 
inexpensively be formed. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To materialize a coating film excellent in corrosion 
resistance and oxidation resistance and capable of forming inexpensively. 

SOLUTION: By forming an NiAl single phase alloy layer 3 to form an 
AKSB>2</SB>0<SB>3</SB>film on the surface of a base material 1, a coating 
film having corrosion resistance and oxidation resistance more excellent than 
those of a coating film composed of the conventional MCrAlY metallic layer can 
be btd. By forming the NiAl single phase alloy layer 3 on the surface of the 
base material 1 via an MCrAlY metallic layer, the adhesion with the base 
material 1 and uniformity thereof furthermore increase, and moreover, the one 
of quality equal to that of the conventional coating film formed by providing 
the surface of an MCrAlY metallic layer with an Al pack cementation treated 
layer can more inexpensively be formed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] aluminum 203 which is prepared in a base material front face and is rich in anticorrosion and oxidation resistance The 
anticorrosion and anti-oxidation coating film characterized by what was formed of the NiAl single phase alloy layer which 
generates a film. 

[Claim 2] The anticoiTOsion and the anti-oxidation coating film characterized by preparing and forming the MCrAlY metal layer 
which is rich in adhesion and phase stability with the above-mentioned base material and a NiAl single phase alloy layer between 
the above-mentioned base material and a NiAl single phase alloy layer in anticorrosion and an anti-oxidation coating film 
according to claim 1 . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the anticorrosion and the anti-oxidation coating film 

applied to ** and the stationary blade of a gas turbine, the burner elevated-temperature parts of a boiler, etc. 

[0002] 

[Description of the Prior Art] In recent years, on the other hand, a gas turbine is in the inclination which uses fuel crude for better 
economical efficiency while elevated-temperature-ization of a turbine inlet gas temperature progresses for efficient-izing. 
Moreover, the corrosive component from the atmosphere mixes by inhalation of air peculiar to a gas turbine. 
[0003] The coating film which excelled [ stationary blade / ** and the stationary blade / of a gas turbine ] in anticorrosion and 
oxidation resistance more by these factors, i.e., elevated-temperature-izing, use of crude fuel, and mixing of the corrosive 
component from the atmosphere since the high temperature corrosion of elevated-temperature parts and oxidization were intense 
came to be required. 

[0004] In the conventional gas turbine ** and stationary blade, there were some which are shown in drawing; 3 (a) and (b) in the 
anticorrosion and the anti-oxidation coating film used. These contents are explained below. 

[0005] What is shown in drawing 3 (a) is the coating film with which it generally consisted of a MCrAlY (M:Co, nickel, Fe 
independent element, or two kinds of elements) metal layer 2, and was rich in anticorrosion and oxidation resistance with the film, 
and phase stability with a base material was taken into consideration, carried out thermal spraying of the end of an alloy powder to 
the base material 1 which consists of a n^el machine allo yorCo basis superall oies ( IN78LC etc.) b y the low voltage plasma 
metal spray method, and was formed. " ~ " ™~ 

[0006] Moreover, in order that what is shown in drawing 3 (b) might improve further the anticorrosion and the oxidation 
resistance of the coating film shown in drawing 3 (a), aluminum pack cementation layer 4 was formed on the metal layer 2. 
[0007] 

[Problem(s) to be Solved by the Invention] As the anticorrosion and an anti-oxidation coating film applied to the conventional gas 
turbine ** and stationary blade, there were some which are shown in drawing 3 (a) and (b) as mentioned above. 
[000S] In the conventional coating film shown in drawing 3 (a), the amount of aluminum was stopped [ MCrAlY which forms a 
metal layer ] for the amount of Cr(s) to about 15% or less about 30% or less from viewpoints, such as phase stability (be hard to 
generate a brittle intermetaliic compound to its boundary [ of MCrAlY and a base material ], and base material side) with a base 
material. Therefore, anticorrosion and oxidation resistance were not enough. 

[0009] In the conventional coating film shown in drawing 3 (b), although aluminum pack cementation layer is formed on the 
MCrAlY metal layer for improvement in much more anticorrosion and oxidation resistance and being remarkably excelled in 
anticorrosion and oxidation resistance, the routing had become complicated hatchet cost quantity. 

[0010] this invention aims at offering cheaply the coating film excellent in anticorrosion and oxidation resistance rather than the 
coating film of only the conventional MCrAlY as compared with the thing of aluminum pack cementation layer construction in 
order to solve the above-mentioned technical problem. 
[001 i] 

[Means for Solving the Problem] 

(1) The anticorrosion and the anti -oxidation coating film concerning invention according to claim 1 are aluminum 203 which is 
prepared in a base material front face and is rich in anticorrosion and oxidation resistance. It is characterized by what was formed 
of the NiAl single phase alloy layer which generates a film. 

[0012] The NiAl single phase alloy layer which forms a coating film in the above is precise aluminum 203. In order to generate a 
film easily, it becomes possible to obtain the coating film excellent in anticorrosion and oxidation resistance from the case of the 
coating film which consists of the conventional MCrAlY metal layer. 

[0013] (2) Invention according to claim 2 is characterized by having prepared the MCrAlY (independent elements 2 of M:nickel, 
and Co and Fe being two kinds of elements) metal layer which is rich in adhesion and phase stability with the above-mentioned 
base material and a NiAl single phase alloy layer between the above-mentioned base material and the NiAl single phase alloy 
•layer, and forming it in the above-mentioned invention (1) in the anticorrosion and the anti -oxidation coating film of a publication. 

[0014] In the above, since the MCrAlY metal layer is prepared between the base material and the NiAl single phase alloy layer, 
compared with the above-mentioned invention (1), adhesion with a base material improves further, and it becomes possible to 



obtain the coating film which homogeneity increased. 

[0015] Moreover, since it can continue by thermal spraying in the end of an alloy powder by the low voltage plasma metal spray 
method and a MCrAl Y metal layer and a NiAl alloy layer can be formed, they become possible [ forming more cheaply the thing 
of quality equivalent to the coating film with which aluminum pack cementation layer was prepared and formed on the 
conventional MCrAl Y metal layer ]. 
[0016] 

[Embodiments of the Invention] Drawing 1 explains the anticorrosion and the anti-oxidation coating film concerning the 1st 
gestalt of operation of this invention. In addition, this operation gestalt is applied to gas turbine ** and a stationary blade. 
[0017] In this operation gestalt shown in drawing 1 , the NiAl single phase alloy layer 3 which contains aluminum of 42 - 55 
atom % by the low voltage plasma metal spray method is formed in the front face of the base material 1 of gas turbine ** and a 
stationary blade, the postheat treatment which becomes this from nitrogen gas cooling of 1 1 20**1 5 degree-Cx2hr and nitrogen 
gas cooling of 843**15 degree-Cx24hr is given, and anticorrosion and the anti-oxidation coating film are formed. 
[00 1 8] It is formed of the NiAl single phase alloy layer 3 in which a coating film contains high-concentration aluminum in the 
above, and this alloy layer 3 is precise aluminum 203. Since a film was generated easily, the coating film which has outstanding 
anticorrosion and oxidation resistance was able to be obtained. 

[0019] In addition, although the content of aluminum is limited to 42 - 55 atom % about the above-mentioned NiAl single phase 
alloy layer 3, it is because the single phase alloy of NiAl is obtained only in this organization range, and when this has much 
aluminum, when it will become 2 phase alloy of NiAl+nickel if conversely few, and it becomes 2 phase alloy, it is [ 2 phase alloy 
of NiAl+aluminum, and ] for a problem to arise in the structural stability in an elevated temperature. 

[0020] Although ductility is increased and it is advantageous in respect of workability about the above-mentioned NiAl alloy layer 
3 if there is little aluminum, since considering oxidation resistance more ones are excellent, it is necessary to choose the 
composition with which both are compatible. 

[0021] Moreover, although the postheat treatment by nitrogen gas cooling of 1 120**15 degree-Cx2hr and 843**15 
degree-Cx24hr is given with this operation gestalt about the base material 1 with which the NiAl alloy layer 3 was formed, this 
raises adhesion with the base material 1 of the NiAl alloy layer 3, it is for obtaining a uniform coating film, and when a base 
material 1 does not need solution heat treatment, the former nitrogen gas cooling can be omitted. 

[0022] Drawing 2 explains the anticorrosion and the anti-oxidation coating film concerning the 2nd gestalt of operation of this 

invention. In this operation gestalt shown in drawing 2 , after forming the CoNiCrAlY metal layer 2 of the 

3 l-32nickel-20-33Cr-7-9aluminum-0.25 - 0.65 Y-remainder Co (% of the weight) in the front face of the base material 1 of gas 

turbine ** and a stationary blade by the low voltage plasma metal spray method, the NiAl single phase alloy layer 3 is formed like 

the above-mentioned 1st operation gestalt, a postheat treatment is given and anticorrosion and the anti-oxidation coating film are 

formed. 

[0023] In the above, since the CoNiCrAlY metal layer 2 was rich in adhesion and phase stability with the above-mentioned base 
material 1 and a NiAl single phase alloy layer, it was uniform and was able to obtain the coating film whose adhesion with a base 
material 1 improved further. 

[0024] Moreover, since it formed the NiAl single phase alloy layer 3 succeedingly after it forms the CoNiCrAlY metal layer 2, 
since the CoNiCrAlY metal layer 2 is formed by the same low voltage plasma metal spray method as the NiAl single phase alloy 
layer 3, compared with the coating film with which the conventional aluminum pack cementation was performed, the remarkable 
simplification of a process and shortening of it were attained. 

[0025] About the anticorrosion and the anti-oxidation coating film concerning the above 1st and the 2nd operation gestalt, for the 
performance check, with the thing about the conventional coating film, the test piece of samples 1-No 6 is manufactured, an 
oxidation test, a high temperature corrosion test, and cost evaluation are performed, and the content is explained below. 
[0026] The above-mentioned test piece gives a coating film to the base material (the quality of the material is nickel machine 
alloy of IN738LC) of the shape of a cylindrical shape with a diameter [ of 10mm ] x length of 50mm, respectively. Sample No 1-4 
And No6 About the coating film, thermal spraying was carried out by the low voltage plasma metal spray method (LPPS) in the 
spray condition which shows the powder (150 micrometers or less) of the composition shown in Table 1 in Table 2, and the metal 
layer 2 and alloy layer 3 of each thickness were formed. 
[0027] 
[Table 1] 
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[0029] After coating film formation carried out the postheat treatment which consists of nitrogen gas cooling of 1 120**15 
degree-Cx2hr, and nitrogen gas cooling of 843 ** 1 5 degree-Cx24hr, attained adhesion with the base material of a coating film, 
and equalization, and used them as the test piece which has necessary material strength. 

[0030] It is aluminum 203 which contains aluminum for this test piece about a sample No5 after forming a CoNiCrAlY metal 
layer in the same way as ****. ft is buried into powder and is 1 100**15 degree-CxlOhr and H2. It processed passing gas and 
aluminum pack cementation was performed. Then, in order to secure the material strength of a base material, the postheat 
treatment which consists of nitrogen gas cooling of 1 1 20** 1 5 degree-Cx2hr and nitrogen gas cooling of 843 ** 1 5 degree-Cx24hr 
was carried out, and it considered as the test piece. 

[003 1] In addition, since after aluminum pack cementation has the very slow cooling rate from aluminum pack cementation 
temperature, the postheat treatment which it is necessary to make recover the quality of the material, and consists of nitrogen gas 
cooling of 1120**15 degree-Cx2hr and nitrogen gas cooling of 843**15 degree-Cx24hr is indispensable. 
[0032] About the above-mentioned test piece, the oxidation test by heating (1 100** 15 degree- Cxi OOOhr) among an atmospheric 
electricity furnace was performed, the weight of the test piece after heating was measured, and the weight augend by oxide 
generation was calculated according to the difference with heating before. And it asked for the ratio of the weight augend of each 
test piece, and that of the test piece of a sample No6, and was shown in Table 3. Table 3 shows that the samples 1 -No 4 
concerning the 1 st and the 2nd operation gestalt are excellent in oxidation resistance compared with a sample No6. 
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[0034] Next, the high temperature corrosion test was performed using the same above-mentioned test piece. That is,mg [ of 
corrosion ashes / 20 / /] (V2 05 : 4 = 80:20-fold Na2 SO quantitative ratio) were applied all over the test piece at a rate of 2 cm, 
and heating of 850** 1 5 degree-Cxl OOhr among the atmosphere was performed (corrosion ashes are applied every 20hr and they 
are a total of 100 hr(s) 5 cycle). The after [ washing ] gravimetry of the scale was carried out with hot water after the examination, 
and weight loss in quantity was calculated according to the difference with corrosion test before. And it asked for the ratio of 
weight loss in quantity of each test piece and that of a sample No6, and was shown in Table 3. 

[0035] In Table 3, which samples 1 -No 4 concerning the 1 st and the 2nd operation gestalt show that corrosion resistance is 
superior to a sample No6. Especially the sample No3 may note having corrosion resistance equivalent to a sample No5. 
[0036] In constructing coating of a sample Nol - a sample No6, cost was calculated, respectively, it was as being shown in Table 
3, and the result was one to 1 .6 times compared with the sample No6 by the samples Nol -No4 concerning the 1st and the 2nd 
operation gestalt. However, this cost rise can fully be covered, if the life extension of the ** and the stationary blade by the 
improvement in a performance is taken into consideration. On the other hand, the sample No5 had become a remarkable cost rise, 
in order to carry out aluminum diffusion process. 

[0037] As mentioned above, when evaluated synthetically, it turns out that the coating films concerning the 1st and the 2nd 

operation gestalt are a property and a thing which is excellent in cost. 

[0038] 

[Effect of the Invention] The anticorrosion and the anti-oxidation coating film of this invention are aluminum 203. By having 
prepared and formed in the base material front face the NiAl single phase alloy layer which generates a film By having become 
possible to obtain the coating film excellent in anticorrosion and oxidation resistance from the case of the coating film which 
consists of the conventional MCrAlY metal layer, and having formed the NiAl single phase alloy layer in the base material front 
face through the MCrAlY metal layer While adhesion and homogeneity with a base material increase further, it becomes possible 
to form more cheaply the thing of quality equivalent to the coating film with which aluminum pack cementation layer was 
prepared and formed on the conventional MCrAlY metal layer. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is explanatory drawing of the anticorrosion and the anti-oxidation coating film concerning the 1st gestalt of 
operation of this invention. 

[Drawing 2] It is explanatory drawing of the anticorrosion and the anti-oxidation coating film concerning the 2nd gestalt of 
operation of this invention. 

[Drawing 3] With explanatory drawing of the conventional anticorrosion and anti-oxidation coating film, (a) is the example and 
(b) is explanatory drawing of other examples. 
[Description of Notations] 

1 Base Material 

2 CoNiCrAlY Metal Layer 

3 NiAl Single Phase Alloy Layer 
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MSfcttLtVStf, tflttNi A 1£&13<0##1 RflW»>*tt (WWi I N 7 3 8 LCcDN i 

ftT?) d . i #»*rtSM&a ^ 1 -4 aim* ^-f^ y^sticov vn* , a 1 tss 

iu^a**'x^a(^B&-r s £ fc i. . ta^os* ( 1 5 0 ju m&T) £*2 t^taa*^ 
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[ o o 3 1 1 fctj. a i mss&wmte. a i teics 

9* 1 1 2 0± 1 5TCx2hroa*^ 
&tf 8 4 3+ 1 5'CX 2 4hr*)H*#*?fratt» 

io [0032] ±m<vum*iz^xti.. *z%m$jF*to 
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